INTRODUCTION
The Flammable Gas Interlock system (FGI) is required to support Rotary Mode Core Sampling (RMCS) of single shell flammable gas watch list tanks. The FGI spoolpiece is installed in the portable exhauster ventilation ducting to monitor for hydrogen and other flammable gases in the exhaust stream and automatically terminate the core sampling activities upon detection of a preset flammable gas concentration or rate of change. diverse detection sensors, an electrochemical cell and a catalytic bead combustable gas cell. sensor vendor guidance for duct mounting of the sensors. The duct application is somewhat unique for the sensor systems and due to the critical application it is necessary to perform a functional test to validate the spoolpiece operation.
The purpose of this test plan and procedure is to define the methodology used to test the performance of the FGI spoolpiece and sensors using simulated field hydrogen gas concentrations. This test will be performed using the guidelines as defined in WHC-CM-6-1, Standard Engineering P r a c t i c e s , EP-4.2, Section 2.2.1, "Development Testing". The main purpose of the test is to resolve the engineering issues regarding the performance of the sensors at duct flows that will be experienced during Hanford Site tank farm deployment. The parameters for the test will be provided by the core sampling team (CST) and by the gas characterization team (GCT) from experience gained while developing the Standard Hydrogen Monitoring Systems (SHMS). The test configuration, inlet pressure, and flow rates will be similar to the actual FGI system.
The system uses two
The system has been designed and built utilizing the 2.0 DESCRIPTION The test will be conducted in the 305 Engineering Test Laboratory (ETL), in the 300 area of the Hanford Site, Richland, Washington. It will use grounded metal ventilation ducting or conductive flexible ducting where potentially flammable gas concentrations exist. The ducting between the gas injection point and the flammable gas sensors will be of adequate length to establish a fully mixed gas concentration. The test setup will include a FGI spoolpiece, installed with the two gas sensors and built to field specifications, a blower to provide the same flow rates expected in the field installation, a precision total flow meter, a precision injection gas flow meter, and support process temperature and pressure instrumentation including a target flow switch and solenoid valve to terminate hydrogen injection gas upon loss of duct flow. Additionally a gas chromatograph (GC) will be used to validate the duct gas concentrations. Compressed gases will also be employed for the sample injection gas, sensor and GC calibration gas and GC carrier gas. The blower will be initially installed upstream of the gas injection port, which alleviates the need to use a blower qualified for use with a classified flammable gas and will only pressurize the ducting by approximately 0.5 "HzO at the operating flows. An alternate configuration will place a qualified blower downstream of the spoolpiece to more closely simulate the field conditions. The test gases will be contained in the duct system and HNF-SD-WM-TC-073
Rev. 0 Page 5 will be exhausted outside the building. will be administratively controlled to remain below 25% of the lower flammability level for hydrogen in air. and instrumentation diagram (P&ID) of the test equipment arrangement and Appendix A for the definition of the main equipment shown in FIGURE 1 and discussed in this section.
The fully mixed gas concentrations
Refer to FIGURE 1 for a simple piping
The main duct flow will be established at nominally 200 standard cubic feet per minute (SCFM) using the blower (PI) and a throttle valve (FCV-1). The main flow value will be determined using a precision laminar flow element (FE-l), differential pressure transmitter (FT-1) and absolute pressure transmitter (PT-I). The duct gas temperature will be monitored for reference by a type K 1/16" stainless steel jacketed thermocouple (TE-1). The hydrogen injection gas flow, in the range of 0.4 to 1.5 SCFM, will be established using a precision laminar flow element (FE-2), differential pressure transmitter (FT-2) and absolute pressure transmitter (PT-2). The injection gas temperature will be measured by a type K 1/16" stainless steel jacketed thermocouple (TE-2). The injection gas line will be purged following each test with nitrogen gas supplied via the purge gas bottle pressure regulator (PCV-7) and isolation valve (MV-7). The duct gas concentration is determined by the ratio of the mixed gas streams. The actual duct hydrogen gas concentration will be measured just upstream of the spoolpiece using a gas chromatograph (GC-1) calibrated with standard gases.
The sensors tested will be calibrated using the procedures identified in Appendix F. The output of the Sierra Monitor Corporation (SMC) transmitter (NE-2) will be measured and logged on the HP data logger (DL) channel A6. The Whittaker electro-chemical cell (WEC) hydrogen sensor (NE-]) output will be connected in the field configuration using a intrinsically safe barrier (EBl), and measured by a Newport voltmeter/transmitter (NIT-1) and logged on the HP data logger channel A4. The data logger will also measure the raw WEC signal on channel All for comparison to the previous testing performed by Test Procedure for Measurement o f Performance vs Temperature o f Whittaker Electrochemical Cell, HNF-SD-WM-TC-072. The process instruments including the WEC chamber temperature thermocouple (TE-3) and ambient temperature thermocouple (TE-4) will be measured and logged on the HP data logger channels A10 and A7 respectively. The logged data files will be used to develop instrument response graphs as well as steady state readings. The gas chromatograph data will be compiled using vendor supplied software and the concentration values will be stored in a data file and provided as a portion of Appendix C to this procedure.
The GC duct monitoring system includes a dual column GC (GC-I) with thermal conductivity detectors, flow indication and control, a metal bellows sample pump qualified to transport flammable gases, sample bypass and calibration gas isolation valves and a pressure equalizing three-way solenoid valve. The sample pump (P-2) draws a sample from the duct just upstream of the spoolpiece and returns it to the duct downstream of the spoolpiece. normal sampling operation, the sample pump (P-2) draws a sample through GC-1, which is monitored by a rotameter (FI-4) and controlled by a flow control valve (FCV-4), and through the bypass line. The bypass line includes an isolation valve (MV-4), flow indicator (FI-3) and an integral flow control valve (FCV-3), which provides 5-10 times the GC flow to constantly provide the sample point with fresh duct gas. During the sample injection, the pressure equalizing solenoid valve (EV-2) is operated momentarily under the GC control. During the calibration operation, the sample isolation valve (MV-4) is closed Under and t h e c a l i b r a t i o n gas i s o l a t i o n v a l v e (MV-5) i s opened. The c a l i b r a t i o n gas l i n e i n c l u d e s an i s o l a t i o n valve (MV-5), f l o w i n d i c a t o r (FI-5) and an i n t e g r a l f l o w c o n t r o l v a l v e (FCV-5) which provides t h e same 5-10 times t h e GC f l o w t o t h e sample p o i n t t o assure t h a t t h e GC i s measuring c a l i b r a t i o n gas t h a t has n o t been d i l u t e d by t h e d u c t a i r . The n i t r o g e n c a r r i e r gas i s s u p p l i e d t o t h e GC, v i a t h e b o t t l e pressure r e g u l a t o r PCV-2 and i s o l a t i o n v a l v e MV-2, a t 80 p s i g t o p r o v i d e a l l pneumatic c o n t r o l requirements. The i n i t i a l t e s t i n g w i l l i n v o l v e low c o n c e n t r a t i o n gas provided by an i n j e c t i o n source o f 3 t o 5% hydrogen i n balance n i t r o g e n which i s a non flammable m i x t u r e . T h i s t e s t i n g w i l l be used t o v a l i d a t e t h e development o f t h e mixed gases p r i o r t o t h e spoolpiece i n l e t by measuring t h e f l o w stream gases w i t h a gas chromatograph (GC). I f t h e measured GC c o n c e n t r a t i o n i s c o n s i s t e n t w i t h t h e c a l c u l a t e d and a n t i c i p a t e d value, i t can be concluded t h a t t h e gas stream i s mixed. The second t e s t sequence w i l l i n v o l v e t h e use o f pure hydrogen and w i l l p r o v i d e adequately h i g h concentrations t o assess t h e sensor response times and o u t p u t l i n e a r i t y . t r a n s p o r t t i m e w i l l be c a l c u l a t e d and subtracted from t h e o v e r a l l response times t o o b t a i n an a c t u a l system response time. The system response t i m e i s t h e change i n o u t p u t s i g n a l w i t h a near instantaneous i n p u t o f gas. The response t i m e d a t a w i l l be a f f e c t e d by t h e sample r a t e o f t h e data logger, and w i l l be considered i n t h e t e s t r e p o r t . T h i s t e s t i n g i n c o n j u n c t i o n w i t h t h e Test Procedure f o r Measurement o f Performance vs Temperature o f W h i t t a k e r Electrochemical C e l l , HNF-SD-WM-TC-072, w i l l p r o v i d e a good understanding o f t h e W h i t t a k e r c e l l response c h a r a c t e r i s t i c s .
The hazards associated w i t h t h e performance o f t h i s t e s t are p r i m a r i l y due t o t h e use o f h i g h concentrations o f hydrogen gas. precautions taken t o avoid any i g n i t i o n sources i n t h e f l o w system. employs a d m i n i s t r a t i v e c o n t r o l s t o preclude a hydrogen i g n i t i o n d u r i n g t h e t e s t . t o 25% o f t h e LFL.
A minimum o f two t e s t sequences w i l l be performed.
Since t h e measured gas i s i n j e c t e d upstream o f t h e sensors, t h e gas There have been
The t e s t
The t e s t procedure l i m i t s t h e measured duct hydrogen gas c o n c e n t r a t i o n The f o l l o w i n g are t h e engineered precautions:
* A l l t h e instruments t h a t come i n c o n t a c t w i t h t h e d u c t gas downstream o f t h e i n j e c t i o n p o i n t are q u a l i f i e d t o handle flammable gases o r have mechanical o r e l e c t r i c a l engineered b a r r i e r s t o preclude i g n i t i o n sources.
* The u n q u a l i f i e d main duct blower i s l o c a t e d upstream o f t h e i n j e c t i o n gas p o r t . through t h e duct, a blower q u a l i f i e d f o r use w i t h a c l a s s i f i e d flammable gas w i l l be employed.
* The d u c t i n g downstream o f t h e i n j e c t i o n p o i n t i s grounded metal o r conductive f l e x i b l e duct f o r a d i s t a n c e o f a t l e a s t 60 f e e t . 
I n t h e event t h a t t h e c o n f i g u r a t i o n changes t o draw f l o w Therefore, t h e i n j e c t i o n gas HNF-SD-WM-TC-073
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Test Controls
This test shall be conducted under the guidelines set forth in this document. step format and therefore requires that the test performers are intimately knowledgeable of the test hazards and operation of all the test equipment. Refer to section 4 . 2 for the listing of responsible persons. The Test Procedure section shall define the test sequence. The test sequence may be changed by the test director with concurrence of the cognizant RMCS exhauster engineer and the facility manager, as long as the change does not affect equipment, facility or personnel safety. Procedural controls will limit the concentration of the duct gas to below 10,000 ppm which is 25x of the lower flamability level of hydrogen in air. This is a limited use procedure not written in a step by 3.1.2 3.1.3
. 1 . 4

Retest Requirements
Any portion of the test may be re-run or re-started. previously recorded data shall be destroyed and all data shall be included in the test report. All deviations from the test procedure will be noted in the Test Log and/or on a Test Exception if appropriate. Additionally, it shall be the goal of this test plan to proceed sequentially through the test procedure. All activities for retest shall be at the approval of the test director.
However, no
Deviations from the Test Plan/Procedure Deviations are allowed to the test plan if they are approved by the test director, cognizant RMCS exhauster engineer, and the 305 ETL manager, or his designee. The cognizant RMCS exhauster engineer's approval may be acquired by telephone. This approval shall be documented by initialing o f the test procedure, by the test director and cognizant engineer, at the appropriate place in the procedure. Deviations from the test plan must be documented in the test log and by the preparation o f a Test Exception. in the test report.
Measurement and Test Equipment
All measurement and test equipment shall have a valid calibration The deviations will be discussed sticker traceable to the National Institute for Standards and Testing (NIST) and shall bear the date calibration expires as well as an authenticating signature, stamp or initial. equipment (M&TE) calibrations. The first exception will be the laminar flow elements, which have vendor certificates of calibration, and the SMC and Whittaker sensor systems, which are calibrated using standard gases and special calibration procedures included in this procedure.
There are two general exceptions to the measurement and test
HNF-SD-WM-TC-073
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The second exception will be three rotameters used to monitor relative flows for the following:
* The GC calibration gas flow minimum requirements must indicate a flow larger that the GC sample flow. will measure all calibration gas and not a dilute sample.
* GC is drawing a sample within a wide range of permissible flows.
This assures that the GC
The GC sample flow minimum requirements must indicate that the * that the sample is being provided to the GC inlet sample port at a rate which exceeds the GC sample flow.
The GC sample bypass flow minimum requirements must indicate
The rotameters will be functionally verified using either a calibrated rotameter of the same range for the higher range flowmeters or a bubble flow meter for the low range flow meter. The results of the validation will be recorded in the test log. Each instrument and sensor used in this test shall be recorded in Appendix A of this test procedure.
Standard Gas Bottle Record
The record of all gas bottles used in this test shall be This shall include the documented in Appendix B of this test procedure. supplier, controlled bottle number, type of gas, and concentration. As part of the supporting documentation a copy of the manufacturers' specification tag/sheet, for any bottle used, shall be included in the test report.
Training
Adequate training shall be provided to the testing personnel to allow safe and successful operation of the test equipment, including the M&TE. This training shall be provided by the 305 ETL cognizant engineer or his representative. the test equipment shall be maintained, on file, by the 305 ETL cognizant engineer.
A record of the personnel qualified to operate
No other training is required.
Facility Identification
The testing facility shall be the 305 ETL, 300 Area, Hanford site, Richland, Washington. The simulated portable exhauster and FGI spoolpiece system are located in this facility.
S a f e t y Requirements
The 305 ETL cognizant engineer s h a l l i n s t r u c t t h e t e s t i n g personnel p e r t a i n i n g t o s a f e t y , w i t h i n t h e 305 ETL as w e l l as s a f e t y p r a c t i c e s p e r t a i n i n g t o o p e r a t i o n o f t h e t e s t system, i n c l u d i n g p r e c a u t i o n s about compressed gases and flammable gases. T r a i n i n g sessions w i l l be noted i n t h e t e s t l o g . A l l personnel, present d u r i n g t e s t i n g i n t h e 305 ETL, s h a l l abide by these requirements. These i n c l u d e : * wearing o f OSHA approved eye p r o t e c t i o n a t a l l times * wearing o f OSHA approved hardhat p r o t e c t i o n when crane o p e r a t i o n s are overhead (There i s t o be no f l o w t e s t i n g d u r i n g overhead crane operations.) u t i l i z i n g t h e "buddy system" when performing work i n t h e f a c i l i t y . 
3.1.10
Approval Designators
As a minimum, t h i s t e s t p l a n s h a l l be approved by Lockheed M a r t i n Hanford Company Design A u t h o r i t y , C h a r a c t e r i z a t i o n P r o j e c t Safety Q u a l i t y and Health, Numatec Hanford 305 ETL engineer, and t e c h n i c a l peer review. The personnel assigned f o r t h e peer review s h a l l be as designated by t h e cognizant RMCS exhauster engineer. Numatec Hanford Corporation (NHC) Cognizant Engineer and Cognizant Manager. These approvals and reviews s h a l l be a u t h e n t i c a t e d by s i g n a t u r e on t h e engineering data t r a n s m i t t a l (EDT) f o r t h i s p l an/procedure.
They i n c l u d e t h e
3.1.11
Test Procedures/Revisions
T h i s document d e f i n e s t h e t e s t sequence and t e s t o r d e r . It i s t h e i n t e n t t h a t t h e t e s t procedure be f o l l o w e d t o complete t h e t e s t under
t h e t e s t c r i t e r i a d e f i n e d i n Section 5. However, i f t h e t e s t i n t e n t i s n o t compromised, t h e t e s t setup, sequence, o r t e s t o r d e r may be changed w i t h t h e approval o f t h e cognizant RMCS exhauster engineer, t h e t e s t d i r e c t o r , and t h e 305 ETL manager, o r h i s designee. See Section 3.1.3.
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Test Director
The test director will be responsible for all interface to perform the test. This includes the generation of the test plan/procedure, test report, minutes of the pre-test meeting in the 305 ETL, expediter for all document signature reviews/approvals, execution and direction of the test, and all signature and log entries to the procedure.
. 2 . 2
Numatec Hanford Company (NHC) Equipment Engineering NHC will be responsible to assist RSSEE in the preparation of the test plan/procedure, and the test setup. NHC will be available as Test Director for this test plan/procedure, as well as consultants in the matters of gas characterization and analysis. The equipment under test is intended to detect hydrogen and other flammable gases being exhausted from a Single Shell Hazardous Waste Tank vapor space during Rotary Mode Core Sampling activities. For the purpose of this test, hydrogen has been selected as the flammable gas to be measured, since it is the only gas that both sensors will detect. Test Procedure for Measurement of Performance vs Temperature of Whittaker Electrochemical Cell, HNF-SD-WM-TC-072, has been prepared to measure temperature affects on the Whittaker sensor signal offset, span and response time to hydrogen gas. augment that procedure by testing both the SMC flammable gas sensor and the Whittaker hydrogen electrochemical sensor for signal response in a simulated This document will flow field environment.
Test Conditions and Criteria
The FGI spoolpiece shall be provided flow in the range of 180 to 220 SCFM for the test. operation of the FGI. This is the expected flow rate during field
HNF-SD-WM-TC-073
Rev. 0 Page 14 concentrations of hydrogen gas in the range of 200 to 7500 ppm. The initial test will provide nominally 200 ppm gas to validate the duct gas mixing with the GC and observe any spoolpiece sensor output. The second test set will provide a minimum of three concentrations of nominally 2,000, 4,000 and 6,000 ppm which will be introduced into the spoolpiece with the output of the sensors monitored and logged for response time and output signal linearity. The actual gas concentrations will be validated using a gas chromatograph functionally calibrated using standard gases.
gas stream for a minimum of 15 minutes to assure the sensors have had adequate time to reach their final output value. 90% of the full scale output value in less than 2 minutes. output will be measured and recorded every 5 seconds. outputs at 14 minutes and 30 seconds shall be 99.5% of the outputs at 15 minutes.
5.1.2
The FGI spoolpiece flammable gas sensors shall be provided 5.1.3 The hydrogen gas concentrations will be injected into the flowing
The sensors must reach The sensor The sensor
5.1.4
The sensors under test will be calibrated using the guidance provided in Appendix F, and the transmitter output conditioned to provide signal to the data logger for display and record.
with a nominal ambient temperature between 65 and 75 O F .
Acceotance Criteria
5.2.1
The sensors under test, when subjected to an instantaneous, mixed 5.1.5 The FGI spoolpiece instrumentation will be operated in the 305 ETL gas concentration, shall have a response time requirement of reaching 90% of the full scale output voltage in less than two (2) minutes for all concentrations. Reference WHC-SD-WM-SAD-035, Section U.3.1 second bullet and Section U.3.2 second bullet.
The sensors under test, when subjected to validated mixed gas concentrations, shall provide output relative to their calibrated values. (There is currently no stated accuracy requirements in WHC-SD-WM-SAD-035 for the sensors. The test concentration data taken from the WEC and the SMC sensors will be compared to the GC measured concentrations and evaluated to determine the sensor's ability to accurately represent the duct gas concentrations.)
6.0 DOCUMENTATION
This section will describe the supporting documentation as well as the actual test documentation required. used have been c a l i b r a t e d using t r a c e a b l e standards. Special instrument c a l i b r a t i o n procedures and t h e t e s t l o g e n t r i e s associated w i t h t h e performance o f those procedures w i l l assure t h a t those r e l a t e d instruments are c o r r e c t l y s e t up f o r t e s t i n g .
6.2.3
The t e s t procedure w i l l c o n t a i n a t e s t l o g (Appendix E) t h a t w i l l l o g t h e t e s t events. The t e s t l o g w i l l be kept i n t h e c o n t r o l l e d l o g book HNF-N-3 1 and t h e e n t r y pages copied and i n c l u d e d i n Appendix E.
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6.2.4
Test data sheets will be compiled for each test required by Table  1 . The data sheet form is included in Appendix C. The data sheet will be copied and annotated with the appropriate test identification to support each required test. The completed data sheets will be included in Appendix C, Data Records.
Shutdown Spoolpiece Test Report, will compile the data obtained and provide a summary o f the findings, discussion o f any test exceptions, recommendations and conclusions.
6.2.5
The test report, HNF-SD-WM-TRP-275, Flammable Gas Interlock Safety 
I n o r d e r t o support t h e e a r l i e s t deployment o f t h e RMCS Truck 4, t h e assembly o f t h e t e s t equipment w i l l begin d u r i n g t h e p r e p a r a t i o n o f t h i s t e s t plan/procedure. approved and any m o d i f i c a t i o n s t o t h e t e s t assembly arrangement has been made.
The t e s t r e p o r t w i l l be prepared and released as soon as t h e t e s t d a t a has been compiled and evaluated.
The t e s t i n g w i l l begin as soon as t h e plan/procedure i s 8.0
QUALITY ASSURANCE
Q u a l i t y Assurance w i l l review t h e documentation associated w i t h t h i s t e s t i n g as p a r t o f t h e review process. v e r i f i c a t i o n s r e q u i r e d f o r t h i s t e s t i n g .
There are no QC h o l d p o i n t s o r 9.0 SAFETY Safety w i l l review t h e t e s t p l a n and procedure as p a r t o f t h e review process.
program and w i l l be i n c l u d e d i n t h e t e s t r e p o r t . A l l work w i l l be performed under t h e g u i d e l i n e s o f WHC-CM-1-10, Safety Manual, WHC-CM-1-11 and WHC-CM-4-40, I n d u s t r i a l Hygiene Manuals.
A Job Hazards A n a l y s i s w i l l be prepared as a p a r t o f t h i s t e s t i n g 10.0 TEST PROCEDURE 10.1 Test P r e r e q u i s i t e s be v e r i f i e d : The j o b hazards a n a l y s i s (JHA), f o r t h e performance o f t h i s t e s t i n g i n 305 ETL has been prepared and approved.
P r i o r t o t h e i n i t i a t i o n o f t e s t i n g t h e f o l l o w i n g c o n d i t i o n
V e r i f i e d Test D i r e c t o r Date
The i n f o r m a t i o n f o r a l l instruments and t e s t equipment has been recorded i n Appendix A.
A l l b o t t l e d gases i n i t i a l l y r e q u i r e d f o r t h e t e s t i n g have been staged. Appendix B. The test apparatus has been assembled, configured, connected and initially verified operational, according to FIGURE 1 and Appendix A. Verify that the exhaust ducting has been routed outside of the building .
Verified Test Director Date
The hydrogen injection piping has been pressure tested, to 20 psig, for leaks using a soap bubble solution (Snoop) and documented in the test log.
A pretest safety briefing has been held with the testing personnel and recorded in the test log. The briefing will be conducted by the 305 ETL cognizant engineer.
Veri f i ed Test Director Date
Test Procedure
If any steps in this section cannot be performed as required or results in an abnormal condition, then prepare a sequentially numbered Test Exception Record in Appendix D and a log entry identifying the problem. The resolution of the Exception will determine what testing, if any will need to be repeated.
The testing may be suspended at any time at the request of the 305 ETL facility manager, cognizant engineer or test director when an unsafe condition exists that could harm the facility, equipment or personnel.
10.2.1
Test Equipment Calibration
Calibrate the test equipment in preparation for testing.
Verify that the Whittaker hydrogen monitoring system is calibrated per the directions in Appendix F-2.
Verify that the SMC combustible gas monitor is calibrated per the directions in Appendix F-1. Verify that the GC system is calibrated per the directions in Appendix F-3.
10.2.2
Low Hydrogen Concentration Testing
The low hydrogen concentration testing will use hydrogen injection standard gas that is below the lower flammability limit of hydrogen. This testing is to determine if the sensors will detect a low concentration of hydrogen present in the flow duct. Verify that the injection flow parameters are established, per Appendix F-5, to provide the nominal main duct concentration requested on the test matrix Table 1 . gas isolation valve MV-1 is closed.
Allow the system to purge until the hydrogen monitoring sensors and GC are reading a near background value determined by testing. The background value shall be less than 5% of the final value anticipated. The Whittaker cell may be purged with air through the calibration port to expedite the purging process.
Perform the sensor response test per the guidance of Appendix F-6.
Repeat steps 10.2.2.2 through 10.2.2.5 as required to complete all the required low concentration tests as defined by Table 1 then proceed.
Close the hydrogen injection gas bottle .isolation valve and adjust the pressure regulator PCV-1 to minimum fully CCW.
Verify that the injection
Verify that the main duct flow is still adjusted to 200 SCFM.
Open the injection gas valve MV-1 and slowly increase the pressure regulator PCV-1 to allow the bottle pressure to vent into the duct.
Open the nitrogen purge isolation valve MV-7 and purge the hydrogen injection gas line for 1 minute.
Close the injection gas isolation valve MV-1 and the nitrogen purge i sol ati on valve MV-7.
Secure the all the test instrumentation and gas bottles per the test director in preparation for the next series of testing.
High Hydrogen Concentration Testing
The high hydrogen concentration testing will use 99.9% hydrogen injection standard gas. time for the hydrogen sensors under test as well as the entire mechanical system. A simple gas transport time calculation will be prepared, by Appendix F-4, to determine the time required for the mixed gas to travel between the injection port and the FGI spoolpiece hydrogen sensors. 
Provide power t o a l l t h e instruments and v e r i f y t h a t , w i t h no duct f l o w , t h e instruments i n d i c a t e nominal background values:
Temperatures i n d i c a t e ambient, d i f f e r e n t i a l pressures are near 0 " H r O , absolute pressures are near 14.5 p s i a and t h e hydrogen m o n i t o r i n g sensors i n d i c a t e near 0 ppm. V e r i f y t h a t t h e main duct f l o w i s e s t a b l i s h e d p e r Appendix F-4. V e r i f y t h a t t h e i n j e c t i o n f l o w parameters are e s t a b l i s h e d , p e r Appendix F-5, t o p r o v i d e t h e nominal main d u c t c o n c e n t r a t i o n requested on t h e t e s t m a t r i x Table 1. gas i s o l a t i o n v a l v e MV-1 i s closed.
Allow t h e system t o purge u n t i l t h e hydrogen m o n i t o r i n g sensors and GC are r e a d i n g a near background value determined by t e s t i n g . The background value s h a l l be l e s s than 5% o f t h e f i n a l value a n t i c i p a t e d . The Whittaker c e l l may be purged w i t h a i r through t h e c a l i b r a t i o n p o r t t o expedite t h e p u r g i n g process.
Perform t h e sensor response t e s t per t h e guidance o f Appendix F-6.
Repeat steps 10.2.3.2 through 10.2.3.5 as r e q u i r e d t o complete a l l t h e r e q u i r e d t e s t s as d e f i n e d by Table 1 , then proceed.
Close t h e hydrogen i n j e c t i o n gas b o t t l e i s o l a t i o n v a l v e and a d j u s t t h e pressure r e g u l a t o r PCV-1 t o minimum f u l l y CCW.
V e r i f y t h a t t h e main duct f l o w i s s t i l l adjusted t o 200 SCFM.
Open t h e i n j e c t i o n gas valve MV-1 and s l o w l y increase t h e pressure r e g u l a t o r PCV-1 t o a l l o w t h e b o t t l e pressure t o vent i n t o t h e d u c t .
Open t h e n i t r o g e n purge i s o l a t i o n v a l v e MV-7 and purge t h e hydrogen i n j e c t i o n gas l i n e f o r 1 minute.
Secure a l l t h e i n s t r u m e n t a t i o n and gas b o t t l e s as d i r e c t e d by t h e t e s t d i r e c t o r .
V e r i f y t h a t t h e i n j e c t i o n 6. Connect t h e span c a l i b r a t i o n gas t o t h e assembly c a l i b r a t i o n p o r t and a d j u s t c a l i b r a t i o n gas f l o w f o r t h e f l o w measured w i t h t h e system f l o w a t n o m i n a l l y 200 SCFM. Use t h e guidance provided i n t h e SMC Model 4101-02 I n s t r u c t i o n Manual t o e s t a b l i s h a span gas o u t p u t s i g n a l from t h e SMC a t t h e developed f l o w , except t h a t t h e SMC span o u t p u t (20 mA) s h a l l occur a t an e q u i v a l e n t 10,000 ppm H, c o n c e n t r a t i o n o f c a l i b r a t i o n gas. (Example: With a span c a l i b r a t i o n gas o f 8,000 ppm H, t h e SMC o u t p u t span a d j u s t should be s e t t o d e l i v e r 16.8 mA o r 4.2 Vdc across t h e 250 ohm l o a d r e s i s t o r . )
7. Repeat t h e zero and span gas adjustments as r e q u i r e d .
8. Remove t h e c a l i b r a t i o n gases and p l a c e t h e t h r e e way f l o w s e l e c t o r v a l v e i n t h e p o s i t i o n t o p r o v i d e duct sample gas t o t h e sensor.
APPENDIX F-4
This appendix provides guidance on e s t a b l i s h i n g t h e main duct t e s t flows and should be performed whenever t h e required duct flow i s changed. meter used t o measure t h e main duct flow i s a Meriam laminar flow element Model 50MC2-4 S/N 757200-K1. pressure output of 8.0 "H,O a t a flow r a t e of 424.6 CFM a t standard pressure (14.695 p s i a ) and temperature (7OOF).
The flow
The flow element provides a l i n e a r d i f f e r e n t i a l Assumotions:
The flow element c a l i b r a t i o n curve renders a c a l i b r a t i o n f a c t o r of 3.72"H20 a t 200 CFM with a slope of 0.0188"H20 per CFM c a l c u l a t e d between 180 CFM and 220 CFM.
Backsround:
The actual d i f f e r e n t i a l pressure output of t h e laminar flow element i s affected by system pressure as well as gas temperature and v i s c o s i t y . The output will r e f l e c t an equivalent flow value (SCFM*) t h a t i s r e l a t e d t o t h e equation: SCFM* = SCFM X (14.695 psia / Pg) X (Tg / 530'R) X (ug / 181.87 micropoise) Pg = System pressure in absolute psia Tg = System temperature in degrees Rankin ( O R = 460 t temp. in O F ) ug = System v i s c o s i t y i n micropoises For t h i s t e s t t h e main duct flow will be a i r , which w i l l take t h e system v i s c o s i t y f a c t o r t o 1. t h e actual c a l c u l a t i o n but f o r a l l p r a c t i c a l purposes, those f a c t o r s should a l s o be 1.
Flow Adjustment and Calculation:
7. Record t h e measured temperature, d i f f e r e n t i a l pressure, absolute pressure and c a l c u l a t e d f l o w on t h e a p p r o p r i a t e t e s t data sheet.
8. i n j e c t i o n p o r t and t h e c e n t e r o f t h e sensors i n t h e FGI spoolpiece and r e c o r d t h a t value on t h e data sheet. C a l c u l a t e and r e c o r d t h e r e s u l t s , on t h e a p p r o p r i a t e data sheet f o r t h e duct f l o w v e l o c i t y and t r a n s p o r t time.
A = Duct Area (So. F t . ) Measure t h e 10 i n c h diameter duct l e n g t h between t h e hydrogen gas Use t h e simple formulas below. This appendix provides guidance on establishing the hydrogen injection flows and should be performed for each new concentration value or whenever the main flow has changed. The flow meter used to measure the main duct flow is a Meriam laminar flow element Model 50MJ10-10. The flow element provides a linear differential pressure output of 8.0 "H,O at a flow rate of 1.6087 CFM at standard pressure (14.695 psia) and temperature (7OOF).
AssumDtions:
Since the injection flows will vary over a wide range of the flow element, the average flow calibration value will be used for the testing. The flow element calibration factor is listed above as providing a differential pressure of 8.0 "H,O for a flow rate of 1.6087 CFM at standard pressures and temperatures and viscosity of air.
Backsround:
The actual differential pressure output of the laminar flow element is affected by system pressure as well as gas temperature and viscosity. The output will reflect an equivalent flow value (SCFM*) that is related to the equation: SCFM* = SCFM X (14.695 psia / Pg) X (Tg / 530'R) X (ug / 181.87 mi cropoi s e ) Pg = System pressure in absolute psi Tg = System temperature in degrees Rankin (OR = 460 + temp. in OF) ug = System viscosity in micropoises (ug for hydrogen at 70 O F is 87.6 with a slope of O.ll/ O F ) For this test the injection flow viscosity will change significantly between the 3-5% hydrogen and the 99.9% hydrogen injection gas. Viscosity, temperature and pressure shall be considered in the actual calculation.
13. Open the nitrogen purge bottle isolation valve and adjust the nitrogen purge gas regulator (PCV-7) to 10 psig and open the purge isolation valve MV-7 to purge the hydrogen injection line for 1 minute.
Verify that the GC is indicating the nominal mixed gas Iterate on the flow adjustments as necessary to obtain the desired 14. purge isolation valve MV-7.
Close the nitrogen bottle isolation valve and the injection line 15. Allow the main flow to sweep out the hydrogen and allow the instruments to return to a low baseline value prior to performing the response time test. final anticipated value. The Whittaker cell may be purged with air through the calibration port to expedite the purging process.
The baseline value shall be less than 5% of the
